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DEVELOPMENT OF PILE TYPE, HIGH DISCHARGE RATE, 
NICKEL-CADMIUM SQUIB BATTERIES 

S. Charlip and T. Staub 

ABSTRACT 

The object of this report is to sunrmarize the work and results 
accomplished during the past quarter in a program directed toward the 
design and development of a pile type, nickel-cadmium, squib battery. 

' 

Five-cell, pile type, nickel-cadmium batteries gave satisfactory 
performance when a sound seal was maintained between cells. 

Mechanical sealing with "0" rings and "quad" rings, followed by 
encapsulation with potting compounds, was unsatisfactory. 

Reliable seals were produced using adhesive bonding between the 
nickel substrate and uncured neoprene. The bond was formed during 
the vulcanization of the neoprene under heat and pressure. 

The proper cleaning and conditioning of the electrodes' nickel 
surfaces is an important factor in achieving reliable bonds. 
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INTRODUCTION 

During t h e  f i r s t  and second q u a r t e r s ,  primary e f f o r t s  were 
d i r e c t e d  i n  t h e  areas of  development of b i p o l a r  e l e c t r o d e s  having 
c i r c u l a r  shapes with .030 inch s i n t e r s .  

The s i z e ,  which would eventual ly  go t o  make up a 5 c e l l  b a t t e r y ,  
w a s  t o  be determined from test  discharges of  s i n g l e  ce l l s .  

The o b j e c t i v e  of t h i s  program i s  t o  develop a J 5  c e l l ,  b i p o l a r ,  
p i l e  type, nickel-cadmium b a t t e r y  capable  of  1 second, 10 ampere 
pu l se  discharge above 5.0 v o l t s ,  with a c a p a c i t y  o f  150 milliampere- ' 

hours a t  the  10 hour rate.  

T e s t  d a t a  obtained from s i n g l e  c e l l s ,  published i n  previous 
r e p o r t s ,  show t h a t  b i p o l a r  c e l l s  are capable  o f  y i e l d i n g  t h e  d e s i r e d  
v o l t a g e  a t  t h e  10 ampere r a t e  i n  t h e  flooded cond i t ion .  

The r e s u l t s  obtained from s i n g l e  ce l l s  w e r e  dup l i ca t ed  with 
5 c e l l  t e s t  modules when b a t t e r y  modules were p rope r ly  sea l ed .  

It is of g r e a t  importance i n  t h i s  program t o  develop r e l i a b l e  
s e a l i n g  techniques,  cons i s t en t  with b i p o l a r  b a t t e r y  technology. 

I n i t i a l l y ,  5 c e l l  modules were produced by s e a l i n g  ind iv idua l  
cel ls  with "0" r i n g s ,  and subsequently encapsulat ing t h e  module i n  
a s u i t a b l e  p o t t i n g  compound. 
compound, wh i l e  t h e  "0" r i n g  served t o  hold t h e  e l e c t r o l y t e  i n  the  c e l l  
during t h e  encapsulat ing process.  However, problems were encountered 
i n  maintaining the  e l e c t r o l y t e  i n  t h e  c e l l s  during the  encapsulat ion.  
E f fec t ing  a bond between t h e  p o t t i n g  compound and t h e  n i c k e l  proved 
d i f f i c u l t  under these  condi t ions.  

The primary seal  w a s  made by the p o t t i n g  

During t h e  p a s t  q u a r t e r ,  e f f o r t s  were concentrated on the  tech- 
niques and materials f o r  adhesive bonding o f  rubber t o  the n i c k e l  
s u b s t r a t e s o f  c e l l s  as primary seals .  The techniques f o r  introducing 
e l e c t r o l y t e  i n t o  each c e l l  would depend on t h e  s e a l i n g  techniques used. 
Previous tests have shown t h a t  b i p o l a r  c e l l s  and b a t t e r i e s  gave sat-  
i s f a c t o r y  performance when t h e  r i g h t  amount of e l e c t r o l y t e  and p res su re  
on t h e  ce l l s  w a s  p re sen t .  

Several  s e a l i n g  methods, mater ia ls ,  and techniques were t e s t e d  
and evaluated.  The r e s u l t s  a r e  descr ibed i n  t h e  body o f  t h i s  r e p o r t .  
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TECHNICAL D I S C U S S I O N  

"0" Ring And "Quad" Ring Sea l s  

Tes t  d a t a  obtained from the  d ischarge  of 5 c e l l  b ipo la r  b a t t e r i e s ,  
d i scussed  i n  the  Second Quarter ly  Report ,  show t h a t  b ipo la r  b a t t e r i e s  
a r e  capable of t h e  1 second-10 ampere pulse  d ischarge  above 5 v o l t s .  
The capac i ty  requirements of 150 mill iampere-hours have been exceeded 
wi th  each e l e c t r o d e  s i z e  t e s t ed .  

E lec t rodes  wi th  2.76 t o  3.14 square inches of a c t i v e  area have 
been shown t o  meet t h e  pulse  requirements i n  s i n g l e  c e l l s .  
b a t t e r y  modules have, l ikewise,  m e t  t h e  requiremen& when t h e  module 
s e a l  he ld  up during the  charge-discharge cyc l ing .  

Five c e l l  , 

The f i v e  c e l l  b a t t e r i e s ,  however, developed leaks  through t h e  
encapsula t ing  compound a f t e r  s e v e r a l  charge-discharge cycles .  The 
same p o t t i n g  compounds used to encapsula te  t h e  b a t t e r i e s  were suc- 
c e s s f u l l y  used i n  similar b a t t e r y  app l i ca t ions  where t h e  s u b s t r a t e s  
were e i t h e r  of carbon s t e e l  o r  s t a i n l e s s  steel. 

An examination of t he  mode of f a i l u r e  revealed the  absence of a 
r e l i a b l e  bond between the  n i cke l  s u b s t r a t e  and t h e  encapsula t ing  com- 
pound. 
c e l l s  dur ing  cyc l ing .  

The "0" r i n g s  also f a i l e d  t o  con ta in  t h e  e l e c t r o l y t e  i n  t h e  

An elastometer type s e a l  known as "Quad-Ring Seal", manufactured 
by t h e  Minnesota Rubber Co., Minneapolis,  Minnesota, w a s  thought t o  
m e r i t  i n v e s t i g a t i o n .  This  s ea l  makes a 2 p o i n t  con tac t  wi th  a s e a l i n g  
su r face ,  twice t h e  number of s e a l i n g  su r faces  as an "0" r ing .  The 
r e l a t i v e  square c ross -sec t ion  of  t h e  "quad" r i n g  and f l e x i b i l i t y  of 
t h e  four  lobed seal makes it e a s i e r  t o  apply p re s su re  t o  t h e  c e l l  s t a c k  
and o b t a i n  in t ima te  con tac t  between s e p a r a t o r  a n d ' e l e c t r o d e s ,  f o r  
.lower c e l l  impedance. A c ross - sec t iona l  view of a b i p o l a r  c e l l  assembled 
wi th  a "quad" r i n g  i s  shown in F igure  1. 

One f i v e  c e l l  b a t t e r y  was cons t ruc ted  us ing  "quad" r i n g  s e a l s .  
This b a t t e r y  w a s  assembled of b i p o l a r  e l e c t r o d e s  wi th  a s i n t e r  a r ea .  
of 2.40 square inches (1-3/4 d i a . ) .  However, t o  g ive  the  c e l l  
more f r e e  volume and t o  compensate f o r  t h e  e f f e c t s  of concent ra t ion  
p o l a r i z a t i o n ,  t he  nega t ive  s ide  of t h e  s i n t e r  w a s  c u t  down t o  1-5/8 
diameter .  This  gave i t  an ac t ive  a r e a  of 2 square inches.  The 
b a t t e r y  thus  cons t ruc ted  had a f r e e  c e l l  volume equal  t o  the  d i f f e r -  
ence of t h e  p o s i t i v e  e l ec t rode  (2.40 i n  ) and nega t ive  e l e c t r o d e  
(2.07 i n  ), times the  thickness  of one e l e c t r o d e  (.030 inch ) ,  o r  
approximately 0.16 cc. 

2 
2 

-2- 

c 

c 



BIPOLAR END ELECTRODE 

"QUAD" RING 
SEAL 

SEPARATOR 

FIGURE 1. CROSS-SECTIONAL VIEW OF A BIPOLAR CELL 
ASSEMBLED WITH A "QUAD" RING SEAL 
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The t o t a l  volume of e l e c t r o l y t e  i n  one c e l l  v a r i e s  from 
1 .5  t o  2.0 cc  per  cel l .  
of t he  e l e c t r o l y t e  valume, should improve the  charging charac- 
t e r i s t i c s  of t h e  c e l l ,  p a r t i c u l a r l y  with regard t o  overcharge 
eapabi  1 i t y  . 

A f r e e  volume of  0.16 cc ,  o r  about 10% 

The b a t t e r y  was assembled us ing  "quad" r i n g s  and w a s  en- 
capsula ted  i n  a p o t t i n g  compound. 

Af t e r  one formation c y c l e ,  t h e  b a t t e r y  was pulsed across  a 
0.49 ohm load f o r  si% consecut ive one second pulses .  
are shown i n  Figure 2 .  These r e s u l t s  a r e  i d e n t i c a l  wi th  t h  se 

a c t i v e  a rea .  

The r e s u l t s  I 

p rev ious ly  obtained from 5 c e l l  b ipo la r  b a t t e r i e s  wi th  2 i n  9 of 
The vol tage on the  f i r s t  pu lse  w a s  4.9 v o l t s .  

Following t h e  Gulse d ischarges ,  t h e  b a t t e r y  w a s  given a 
cons t an t  c u r r e n t  charge of 15 mil l iamperes .  Af te r  s i x t e e n  hours 
of charging,  a s m a l l  e l e c t r o l y t e  leak  w a s  observed emanating from 
the  junc t ion  of t h e  p o s i t i v e  s tud  and p o t t i n g  compound. 
b a t t e r y  was taken a p a r t  and examined f o r  causes of f a i l u r e .  It 
was found t h a t  t he  leak  occurred from one c e l l ,  t h e  end c e l l ,  
where the  e l e c t r o l y t e  had penet ra ted  the  bond between the  po t t ing  
compound and t h e  end p l a t e .  

The 

A second f i v e  cell  b a t t e r y  was assembled. The e l e c t r o d e  
s i z e s  of both the  p o s i t i v e  and negat ive  s i n t e r s  were 2-1/4" i n  
diameter  (4 i n2  of ac t ive  a r e a ) .  
thoroughly cleaned,  sand b l a s t e d ,  wiped down wi th  HEK, and washed 
and d r i ed .  The e l e c t r o l y t e  w a s  introduced i n t o  each ce l l  p r i o r  t o  
assembly by wetting t h e  7 m i l ,  non-woven nylon sepa ra to r  with KOH 
and we t t ing  the sinters with the  balance u n t i l  i t  was a l l  absorbed. 
The edges of t h e  n i c k e l  s u b s t r a t e  were again cleaned wi th  a mild 
s o l u t i o n  of bo r i c  a c i d ,  washed and d r i e d .  A 'fquad" r i n g ,  coated 
t h i n l y  wi th  Kel-F grease,  w a s  placed between each c e l l .  The 
e n t i r e  5 c e l l  module was then placed i n t o  a t i g h t l y  he ld  mold and 
encapsulated wi th  a po t t ing  compound, ERL-2795, manufactured by 
Union Carbide Co. After  t h e  p o t t i n g  compound s o l i d i f i e d ,  t he  
b a t t e r y  w a s  removed from t h e  mold and r e s t r a i n e d  between two l u c i t e  
s h e e t s ,  1 / 2  inch t h i c k ,  and placed on charge a t  t he  20 mA cons tan t  
c u r r e n t  r a t e .  

The n i c k e l  s u b s t r a t e s  were 

P r i o r  t o  puls ing  a t  t he  10 ampere r a t e ,  t he  b a t t e r y  was 
given one d ischarge  a t  600 mA t o  one 
1.0 v o l t  w a s  570 mAh. 

The b a t t e r y  was given a second 
one second. The vol tage  and c u r r e n t  
loscope. The osc i l loscope  t ' races of 
i n  F igure  3. 

v o l t .  The capac i ty  above . 

charge and pulsed a t  10 A f o r  
were recorded on an o s c i l -  
t h e  pu l se  d ischarge  a r e  shown 

- 4- 
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The v o l t a  e a t  t h e  10 ampere pu l se  was a t  t h e  5 v o l t  level f o r  
t he  l a r g e  4 in’ b i p o l a r  ba t t e ry .  

It was f e l t  t h a t ,  even though no leaks were immediately observed, 
t h i s  method of  s e a l i n g  o f f e r s  no measure of r e l i a b i l i t y ,  and o t h e r  
techniques would have t o  be developed t o  o b t a i n  a r e l i a b l e  seal .  

Adhesive Bonding 

The a p p l i c a t i o n  of a rubber-to-metal adhesive bond i n  t h e  assembly 
of b i p o l a r  b a t t e r i e s  suggested i t s e l f  when o t h e r  means f a i l e d  t o  pro- 
duce r e l i a b l e  seals .  

J 

The j o i n t  geometry i s  p a r t i c u l a r l y  adaptable  f o r  adhesive bonding 
s i n c e  the  s u b s t r a t e  i s  an idea l  l a p  j o i n t  i n  t ens ion ,  with the  s t r e s s  
(generated by the  c e l l  pressure)  perpendicular  to t he  plane of  t h e  
joined su r faces .  

With proper assembly techniques,  cleavage and p e e l  s t r e s s e s  can 
be minimized. The added support of  t he  encapsulat ing compound would 
c o n t r i b u t e  t o  uniformity of  stress d i s t r i b u t i o n  across  t h e  adhesive 
j o i n t s  and prevent  pee l ing  tendencies caused by the  t ens i l e  stresses 
i n  t h e  f r e e  edges of t he  adhesive j o i n t s .  

Surf ace Treatment 

An important a spec t  o f  adhesive bonding i s  t h e  s u r f a c e  p repa ra t ion  
and t reatment  p r i o r  t o  making t h e  j o i n t .  
t r e a t e d  and kept c l ean  u n t i l  bonded. 

Adherent su r f aces  must be pre- 

Although the  fo rces  which produce adhesion betweeh organic  
materials and m e t a l  su r f aces  a r e  no t  c l e a r l y  understood, i t  i s  known 
t h a t  t hese  forces  a r e  short-range with r e spec t  t o  molecular dimensions. 
Therefore ,  t h e  presence of foreign substances w i l l  i n t e r f e r e  with t h e  
c l o s e  approach, o r  i n t ima te  contact  between adhesive and adherent ,  and 
w i l l  r e s u l t  i n  lower s u r f a c e  energy and poor bond. 

Three methods f o r  cleaning t h e  s u r f a c e  of t h e  n i c k e l  s u b s t r a t e  
were considered: chemical, mechanical abrasion,  and degreasing. With 
some v a r i a t i o n s  i n  procedures,  t he  l a t t e r  two were employed. The 
chemical c leaning was not  considered p r a c t i c a l .  The recommended com- 
p o s i t i o n  of the e t chan t  f o r  n i cke l  i s  a s t r o n g  concen t r a t ion  of n i t r i c  
a c i d .  This w a s  not considered p r a c t i c a l  i n  view of  t he  f a c t  t h a t  
b i p o l a r  e l e c t r o d e s  w e r e  f u l l y  impregnated, and t h e  presence of ac id  
i n  the  s i n t e r  could not  be t o l e r a t e d  nor e f f e c t i v e l y  n e u t r a l i z e d .  

A flow c h a r t  of  t he  cleaning methods used, and found t o  be 
p r a c t i c a l  f o r  t h i s  app l i ca t ion ,  i s  shown i n  Figure 4 .  

Sand b l a s t i n g  w a s  considered the  most p r a c t i c a l  method of  mech- 
a n i c a l  abrasion.  The e l ec t rodes  were placed i n  a f i x t u r e ,  masking 
t h e  s i n t e r e s ,  and only t h e  bonding edges were exposed t o  the ab ras ives .  
A uniform s u r f a c e  roughness was thus obtained.  The roughness f a c t o r  
of  t h e  n i c k e l  s u b s t r a t e  i s  considered t o  be s i g n i f i c a n t  i n  o b t a i n i n g  
a good j o i n t .  A uniformly roughened s u r f a c e  w i l l  possess  a l a r g e r  

- 7- 
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a c t u a l  area f o r  t h e  a c t i o n  of molecular forces .  The roughening i s  . 
u s u a l l y  accompanied by an increase i n  t h e  f r e e  su r face  energy produced 
through working of t he  su r face  and through t h e  h ighe r  su r face  energy 
p rope r ty  possessed by rough metal c r y s t a l s .  

To t es t  t h e  s u r f a c e  f o r  proper p repa ra t ion  and c l e a n l i n e s s ,  each 
e l e c t r o d e  w a s  given t h e ' h a t e r  break" tes t .  
water was  placed on t h e  cleaned s u r f a c e  and observed i f  i t  spread and 
w e t  t h e  s u r f a c e  smoothly. 
water wets the metal s u r f a c e  and spreacb smoothly over t h e  su r face ,  with- 
o u t  breaking up i n t o  individual  d r o p l e t s ,  t h e  s u r f a c e  could be presumed 
t o  be f r e e  of harmful organic  f i l m s .  
by d i s t i l l e d  water w i l l  probably a l s o  be w e t  by the  adhesive. 

A d r o p l e t  of d i s t i l l e d  

It w a s  f e l t  t h a t  if a drop of d i s t i l l e d  

A s u r f a c e  which is  uniformly w e t  
The 

s u r f a c e s  were thoroughly d r i ed  a f t e r  each tes t .  . .. 
J 

Adhesives and S e a l  

Several  known organic  compounds were t e s t e d  as a rubber-to-metal 
adhesive. The adhesives t h a t  were recommended f o r  bonding nickel-base 
a l l o y s  are i n  a class known as thermoset t ing adhesives.  These undergo 
chemical changes during t h e  curing c y c l e  and e f f e c t  a bond between t h e  
rubber and metal. The adhesive sought f o r  t h i s  a p p l i c a t i o n ,  i n i t i a l l y ,  
w a s  one r e q u i r i n g  t h e  minimum cur ing  temperature.  S ince  t h e  elec- 
t r o d e s  t o  be bonded are impregnated with a c t i v e  mater ia ls ,  adhesives 
with room temperature cu r ing  cycles  were sought,  t o  minimize the  h e a t  
e f f e c t  on t h e  a c t i v e  materials and c e l l  funct ion.  

A l i s t  of bonding agen t s ,  cu r ing  a t  room temperature,  was t e s t e d  
and evaluated.  
t o  KOH environment. 

I n  each case, t h e  bond f a i l e d  t o  hold up when subjected 

It w a s  apparent t h a t  r e l i a b l e  bonds t o  n i c k e l  could no t  be achieved 
wi th  t h e  room temperature cur ing adhesives and t h a t  thermoset t ing ad- 
hes ives  would have t o  be adopted. 

The major problem w a s  t o  l o c a l i z e  t h e  h e a t  around t h e  f l ange  and 
t o  l i m i t  t h e  temperature f o r  the e n t i r e  e l e c t r o d e  t o  300°F. 

A combination of  adhesives manufactured by Hughson Chemical Co. 
showed promising r e s u l t s .  
and adhesive.  

Several  ce l l s  were assembled using a primer 
The primer w a s  Chemlock 205 and t h e  adhesive,  Chemlock 220. 

The 205 p r i m e r  w a s  applied t o  a cleaned and conditioned n i c k e l  
s u b s t r a t e  and allowed t o  a i r  dry f o r  20 minutes ,  t o  vaporize the  s o l v e n t s  
which are commonly found i n  adhesives. On many occasions,  t h e  p r e s e n c e .  
of s o l v e n t s  i n  adhesives and t h e i r  i n a b i l i t y  t o  escape from t h e  bonding 
s u r f a c e s ,  r e s u l b d i n  extended cu re  time and porous bonds. 

The rubber sea l  used t o  bond to t h e  s u r f a c e  w a s  a cured neoprene 
washer, 45-55 durometer, manufactured t o  Spec. MIL-R-3065. 
w a s  soaked f o r  one minute i n  a 10% s o l u t i o n  of,Hughson 220 adhesive 
(one p a r t  220 and 9 p a r t s  MEK) and placed over t h e  primed s u r f a c e s  
of  t h e  s u b s t r a t e .  

The gaske t  
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STEP 2 I RINSE PLATES I N  

STEP 6 
WIPE OFF SURFACE 
WITH CLEAN CLOTH 

RUNNING WATER 1 > 

V ; STEP 3 

V 

AIR DRY L 
r-% STEP 4 
BRUSH ON TOLUENE ! 

AIR DRY 

m STEP 7 

FIGURE 4 .  FLOW CHART FOR SURFACE PREPARATION OF NICKEL 
SUBSTRATES FOR BIPOLAR BATTERIES 
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The assembly was clamped between two r i n g s  and placed i n t o  a 
hydrau l i c  p re s s  with heated elements. 
a t  300°F f o r  one hour on t h e  pressure r i n g s .  
1000 l b / i n 2 .  

The temperature w a s  maintained 
The p res su re  w a s  

The bonded h a l f - p l a t e s  were assembled i n t o  a b i p o l a r  c e l l  by 
f looding t h e  i n s i d e  with KOH. The rubber-to-rubber bond between the 
c e l l  halves  was accomplished using a neoprene cement. 
view of t h e  c e l l  i s  shown i n  Figure 5. 

A c r o s s - s e c t i o n a l  

The t e s t  c e l l  was subjected t o  temperature cyc l ing  between 73'F 
and 150°F f o r  32 hours,  a f t e r  which t h e  c e l l  was placed on t h e  s h e l f  
f o r  2 weeks. A t  the  end of  t h i s  pe r iod ,  t h e  c e l l  showed no s i g n s  of 
leaking. J 

The c e l l  w a s  taken apart  by prying open t h e  seal .  There w a s  
evidence of  i n t e r f a c e  a t t a c k  and a j o i n t  weakening where t h e  p r i m e r  
w a s  appl ied.  The areas f r e e  of t h e  205 primer were s o l i d l y  bonded. 

I n  a p a r a l l e l  program, seve ra l  ce l l s  and two 5 c e l l  b a t t e r i e s ,  
with 2-1/4 inch diameter s i n t e r  area,  w e r e  b u i l t  u s ing  uncured neo- 
prene #1450B, 40 durometer, manufactured by Niagara Rubber Co., 
P l a i n f i e l d ,  N.  J. ,  i n  l i e u  of t h e  cured neoprene washers. The bond- 
ing adhesive w a s  Hughson 220, which w a s  appl ied t o  t h e  cleaned and 
condi t ioned n i c k e l  s u b s t r a t e  and a i r  d r i e d  f o r  30 t o  60 minutes. 
The uncured neoprene w a s  placed on both p a r t s  of a set of  matching 
s tee l  molds and appl ied over  both s u b s t r a t e  edges of  t h e  b i p o l a r  
e l ec t rode .  The e n t i r e  package w a s  placed i n  a hydrau l i c  p re s s  with 
heated element5 and maintained f o r  20 minutes a t  a temperature of 300°F 
and 1500 l b / i n  of  pressure.  A photograph of t h e  p re s s  i s  shown i n  
Figure 6 .  

Upon a i r  cool ing,  t h e  edges  of  t h e  e l e c t r o d e  were trimmed of t h e  
excess neoprene, and t h e  e l ec t rode  w a s  ready f o r  assembly, as previously 
descr ibed.  Figure 7 shows a h a l f  mold f o r  vu lcan iz ing  seals. 

The bonds obtained between t h e  rubber and t h e  m e t a l  during vul-  
c a n i z a t i o n  have been t e s t e d  and found t o  be s u p e r i o r  t o  those p rev ious ly  
obtained without  vulcanizing.  

The bonded 5 c e l l  module w a s  then encapsulated i n  a p o t t i n g  com- 
pound, EFU-2795, manufactured by Union Carbide. The b a t t e r i e s ,  so 
assembled, showed no t r a c e  of leakage when sub jec t ed  t o  overcharge regimes. 
Subsequent d e s t r u c t i v e  tes ts  showed t h a t  t h e  bonds were s t r o n g e r  than 
the rubber when subjected t o  p e e l  and tensile tests. Cel ls  sub jec t ed  
t o  simulated c e l l  environment h e l d  up w e l l  wi th  no s i g n s  of bond 
weakening. 
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NICKEL SUBSTRATE 

/ 
NEOPRENE SEAL 

NEOPRENE CEMENT 

BONDED JOINT 

SEPARATOR 

c 

FIGURE 5. CROSS-SECTIONAL VIEW OF A RUBBER-TO-METAL 
SEAL IN A BIPOLAR CELL 

THE SEAL WAS CURED NEOPRENE 
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FIGURE 6 .  WABASH PRESS WITH :IBATED PZtZ(I"I'ENS FOR 
VUZCANIZ I N G  RUEI8ER SEALS 

OPERATOR LOADING ELECTRODES 
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BIPOLAR ELECTRODE 

FIGURE 7. HALF-MOLD FOR VULCANIZING RUBBER SEAL 
TO SUBSTRATE OF BIPOLAR ELECTRODE 



DISCUSSION OF RESULTS AND CONCLUSIONS 

Based on t h e  r e s u l t s  and engineer ing eva lua t ion  of t h e  process ,  
t h e  method of s e a l i n g  b i p o l a r  c e l l s ,  us ing rubber t o  metal adhesive 
bonding, appears t o  be s a t i s f a c t o r y .  

Amost  important a spec t  of t h e  bonding process  i s  the  proper  
c l ean ing ,  p repa ra t ion ,  and sur face  condi t ion ing  (roughing) of t h e  
n i c k e l  sur face .  
r e s u l t s  and can be appl ied  t o  product ion lots. 

Methods developed i n  t h i s  program show s a t i s f a c t o r y  

Using these  s e a l i n g  methods, 5 c e l l  b i p o l a r  b a t t e r i e s  w i l l  be 
cons t ruc t ed  and eva lua ted  f o r  performance t o  the  s p e c i f i e d  requi re -  
ments. 

The progress  of  t h i s  work and t h e  tes t  r e s u l t s  w i l l  be discussed . 

. i n  t h e  next r epor t .  
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TASK IIX 

1. Fabr ica te ,  t es t ,  and evaluate  performance of 5 c e l l  b a t t e r i e s .  

2. Determine charging rates and overcharge c a p a b i l i t i e s .  

3.  Build 10 b a t t e r i e s  for del ivery  t o  NASA. 
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